Microbiologic, serologic, and molecular typing techniques were used to characterize 272 isolates of Streptococcus pneumoniae colonizing or infecting children in Iasi, Romania, during a surveillance study conducted in 1996-1998. The 574 children in the study were from the following groups: healthy children attending 2 institutions, healthy children hospitalized for elective surgery, hospitalized children with pneumococcal infections, and human immunodeficiency virus (HIV)-infected children in an orphanage. Pneumococci colonizing healthy children from closed communities showed close similarities to pneumococci from children with pneumococcal infections; they expressed a limited number of similar serotypes, showed high frequency of penicillin and multidrug resistance, and shared several common clonal types. In contrast, isolates recovered from healthy children hospitalized for elective surgery expressed a large variety of serotypes, were less frequently resistant to antimicrobial agents, and showed great genetic diversity. Pneumococcal flora colonizing HIV-infected children showed a more complex epidemiology. These observations suggest a possible epidemiologic connection between the flora of S. pneumoniae colonizing healthy children in closed communities and the flora found in children hospitalized for infection.
be at risk of developing systemic and localized infections if a concurrent viral infection occurs. Our aim was to test such a putative epidemiologic relationship among S. pneumoniae isolates recovered from children living in Iasi, Romania. We used microbiologic and molecular typing methods to characterize S. pneumoniae strains colonizing healthy children in the community, with an emphasis on children living in closed communities, and compared those strains with pneumococcal isolates recovered from children in Iasi who were hospitalized for infections during the surveillance period.
Patients, Materials, and Methods
Patients. The study was carried out in Iasi, a town of 200,000 inhabitants, in Moldova, in northeastern Romania, during 1996-1998. Four groups of children took part in the surveillance (table  1) . The first group consisted of healthy children living in 2 closed communities; nasopharyngeal samples were collected from the closed-community group on 2 occasions, 2 years apart. The first sampling was carried out on 17 May 1996 in an orphanage, where nasopharyngeal samples were collected from 162 children 2-38 months of age. In the second sampling, on 1 June 1998, nasopharyngeal samples were collected from 31 children 2-7 years of age who were attending a boarding nursery school. Healthy children 1-38 months old who were living in the open community constituted the second group. Nasopharyngeal samples were collected from 209 open-community children between March 1997 and May Bacterial isolates. Nasopharyngeal samples were obtained with transport swabs, which were inoculated into MW173 Amies transport medium (Medical Wire & Equipment, Corsham, UK). Bacteria isolated from sterile fluids or body secretions were grown on trypticase soy agar plates with 5% sheep blood. The swabs and plates were transported via air to Israel and processed within 24 h at the Clinical Microbiology Laboratory of the Soroka Medical Center. Five a-hemolytic colonies per plate exhibiting morphologic characteristics suggestive of S. pneumoniae were isolated, and the presence of S. pneumoniae was confirmed by inhibition with optochin and by a positive slide agglutination test (Phadebact; Pharmacia Diagnostics, Uppsala, Sweden). One S. pneumoniae colony per plate was then subcultured, harvested, and frozen at Ϫ70ЊC.
Antibiotic-susceptibility testing.
Isolates were tested for susceptibility to penicillin, erythromycin, tetracycline, chloramphenicol, and trimethoprim-sulfamethoxazole by means of the disk-diffusion method of Bauer and Kirby, following National Committee for Clinical Laboratory Standards (NCCLS) recommendations [12] . Isolates exhibiting an inhibition zone with a radius of р19 mm around a 1-mg oxacillin disk were further tested for susceptibility to penicillin by means of the Etest (PDM Epsilometer; AB Biodisk, Solna, Sweden), following the manufacturer's instructions [13] . Antibiotic-susceptibility testing was carried out on all isolates described in table 1.
Serogrouping and serotyping. Serogrouping and serotyping of S. pneumoniae was done for all strains by means of the quellung reaction using antisera provided by Statens Serum Institut (Copenhagen) [14] . Types represented by a single number were confirmed with the pooled sera and the single individual group serum; types represented by a single number and a letter were confirmed with the pooled sera, the single individual group serum, and the single type serum. Clones with 11 serogroup were confirmed with the corresponding pooled sera but not with the single, individual group/ type serum. Isolates reacting positively with the omni-sera but negatively with the pooled sera were reported as nontypeable.
Pulsed-field gel electrophoresis (PFGE). Chromosomal DNA fragments, generated by SmaI digestion, were prepared and analyzed as described elsewhere [15] . A CHEF-DRII apparatus (BioRad Laboratories, Richmond, CA) was used for running the gels. Running conditions were 23 h at 11.3ЊC at 200 V ramped with initial forward time of 5 s and final forward time of 35 s. Gels were stained with ethidium bromide and photographed. Interpretation of strain relatedness on the basis of PFGE pattern was according to current consensus [16] .
Hybridization with DNA probes. Gels to be hybridized were transferred to nylon membranes with the Vacuum Gene System (Pharmacia Biotechnology, Piscataway, NJ). The resulting membranes were probed by means of the ECL system (Amersham, Amersham, UK) according to the manufacturer's recommendations. The molecular weights of the hybridization signals and the corresponding SmaI fragments were determined by comparison with a molecular-weight ladder.
Probes. The DNA probe for the ermB gene was obtained through polymerase chain reaction (PCR); S. pneumoniae strains 02J 1095 and primers GAAAARGTACTAACCAAATA and AG-TAAYGGTACTTAAATTGTTTAC, generated on the basis of sequence published by Sutcliffe et al. [17] , were used as templates. Primers used for generating the tetM probe were TETMd (TGGAATTGATTTATCAACGG) and TETMr (TTCCAAC-CATACAATCCTTG), which were designed to amplify a 1080-bp region internal to the tetM gene [18] that corresponds to nt 529-1608 of GenBank accession number X52632. PCR conditions were annealing at 50ЊC for 30 s, followed by extension at 72ЊC for 1 min for 30 cycles. Purification and labeling of the probes were as described in previous reports [19, 20] .
Number of isolates per PFGE type. This index represents the degree of clustering of the isolates, depending on their antibiotic resistance. The isolates were grouped according to their penicillin MICs: highly resistant (MIC of у1 mg/mL), intermediately resistant (MIC of 0.1-1 mg/mL), and susceptible (0.1 рMIC !1 mg/mL). Data analysis. Data were analyzed by use of the x 2 test.
Results

Carriage Rates of S. pneumoniae among Healthy Children from Open and Closed Communities
In 1996, the 162 healthy children (ages 1-38 months) residing in an orphanage had a significantly higher carriage rate (49%) than did the 209 children of comparable age from the open community who were hospitalized for elective surgery (29%; table 1). The carriage rate was also higher (81%) among the 31 boarding school attendees sampled in 1998. Carriage rates of pneumococci among HIV-infected children in 1996 were 30%, and they were very high (83%) in 1998, even though the 48 HIV-infected children sampled in 1998 were much older (5-10 years) than the healthy children from the other institutions or the community.
Comparison of S. pneumoniae Strains Colonizing Healthy Children in the Community and Those Causing Infections in Hospitalized Children
Serogroups and -types. Serogroups and -types showed a wide variety among children from the open community compared with the limited number among the children in the closed communities. Also, strains causing infection tended to belong to the 4 pathogenic "pediatric serogroups" (6, 14, 19, and 23) , whereas other types carried were less frequently pathogenic. The 4 pediatric serogroups constituted 86% of the strains carried in the nasopharynx by the institutionalized children and 67% of the strains isolated from the children hospitalized for infections. A significantly lower proportion of the strains (47%) belonging to those 4 was the most prevalent strain among children living in closed communities (42%) and among children hospitalized for pneumococcal infection (32%), was rare among the strains colonizing children admitted for elective surgery, among whom only 3 (5%) of 61 strains expressed serogroup 23.
Antimicrobial susceptibility. The highest resistance rates were found among strains carried by healthy children living in closed communities: 99% of the isolates were nonsusceptible to penicillin, and 94 (90%) of these 104 had MICs ranging from 0.5 to 12 mg/mL (median, 2.6; table 2). Of these isolates, 95% were also resistant to trimethoprim-sulfamethoxazole, and 86% were resistant to у3 antimicrobial agents.
High resistance rates were also found among strains isolated from hospitalized children: of 84 strains, 58 (69%) were nonsusceptible to penicillin, and 48 of the nonsusceptible strains had penicillin MICs ranging from 0.5 to 16 mg/mL (median, 4.7). Furthermore, 53 (63%) of 84 were resistant to у3 antimicrobial agents.
Resistance rates were significantly lower among the strains carried by the children in the open community than among those carried by the children in closed communities or those with pneumococcal infection ( ; ): 22 (36%) 2 x = 55.58 P ! .0001 of 61 strains were nonsusceptible to penicillin; however, only 8 (13%) had MICs of у0.5, and only 9 (15%) were resistant to у3 antimicrobial agents, with penicillin MICs у1 mg/mL.
Molecular typing.
The distribution of the PFGE types among the 4 groups is summarized in table 3. Clone ROM-1, expressing capsular type 23F, was the most frequent (25%) among strains colonizing children living in closed communities, and this clone also represented 24% of strains recovered at the infection sites of children hospitalized for pneumococcal infection (figure 1). Three additional PFGE types (ROM-3, ROM-7, and ROM-12) expressing capsular types 23F, 6A or 6B, and 19A, respectively, were also identified among pneumococci recovered both from institutionalized children and from children with pneumococcal infections. ROM-1, ROM-3, ROM-7, and ROM-12 were not detected among pneumococci isolated from children admitted for elective surgery. table 3) were also detected among organisms isolated from the nasopharynx of children living in closed communities or being hospitalized for elective surgery. However, the most prevalent cluster among the S. pneumoniae-infected children, ROM-1, expressing serotype 23F, was found only among the children living in closed communities and not among the children admitted for elective surgery ( ; ).
2 x = 18.38 P = .0001 Clones resistant to either erythromycin or tetracycline were tested with 2 DNA probes (ermB and tetM) for the appropriate genetic determinants. All strains showing erythromycin resistance as defined by NCCLS criteria (zone diameter of р15 mm) gave a positive hybridization with the ermB DNA probe. However, erythromycin-resistant strains that were phenotypically susceptible to tetracycline according to NCCLS criteria (zone Figure 1 . Pulsed-field gel electrophoresis (PFGE) and DNA hybridization patterns of multidrug-resistant serotype 23F Streptococcus pneumoniae isolates recovered from children in Iasi, Romania. A, Chromosomal DNA fragments, generated by SmaI digestion, were prepared and analyzed as described in Patients, Materials and Methods. DNA fragments were transferred to nylon membranes for Southern hybridization with DNA probes for ermB (B) and tetM (C). Lanes 2-6, Cluster ROM-2; lanes 7-10 and 11-15, cluster ROM-1. Lanes 1 and 16 show 2 unique PFGE profiles of serotype 23F isolates. Lanes K2 and Clev2, recovered from Korea and Cleveland, respectively, represent international Spanish/United States clone carrying serotype 23F. Molecular size markers (l ladder) as well as SmaI digest of strain R6 were included as molecular-size references.
diameter of у23 mm) gave a positive hybridization with the tetM DNA probe as well; for example, strains showing PFGE type ROM-1 (figure 1) expressing serotype 23F (46 organisms isolated) were positive when tested with tetM probe, although they were defined as tetracycline-susceptible. The erythromycinand the tetracycline-resistance genes were always carried on the same DNA band in SmaI digests of chromosomal DNA.
S. pneumoniae Strains Colonizing HIV-Infected Children
Pneumococci recovered from the nasopharynx of HIV-infected children in 1996 resembled those that colonized healthy children living in closed communities, in terms of antibiotic resistance, serotypes, and molecular types. However, in 1998 the nasopharyngeal flora of HIV-infected children was strikingly different; antibiotic-resistant pneumococci and pneumococci with serotypes and clonal types that had been present in 1996 were present in only 10% of the strains. Instead, antibioticsusceptible bacteria of 2 unique clonal types and serotypes were present; of the 38 isolates typed, 22 represented the penicillinsusceptible serogroup 15 clone ROM-16, and 10 represented the penicillin-susceptible serotype 9V clone ROM-17 (figure 2). Clone ROM-17 was not detected among healthy children living in closed communities or among children hospitalized with pneumococcal infections. Only 2 isolates of serogroup 15 clonal type ROM-16 were detected: 1 in a child with pneumococcal 
Discussion
The presence of penicillin-resistant S. pneumoniae in Romania was first reported in 1977, in a case report describing 4 cases of meningitis in Iasi [21] . A surveillance study conducted in various regions of Romania found that, during 1974-1981, 4 (0.8%) of 498 strains isolated were penicillin-resistant; the resistant strains were of types 3, 12, and 19 [22] . Acquisition of resistance to a wide spectrum of chemically and mechanistically unrelated antibacterial agents has occurred in Romania in the last 10 years. Of 297 pneumococci isolated in 1991-1992, 30% were resistant to penicillin; the resistant strains in this period were of types 6, 14, 19, and 23 [23] . In a later study in the winter of 1993-1994 in Bucharest, extremely high resistance rates were reported: 93% of the strains carried by children were resistant to penicillin, and 79% of penicillin-resistant strains showed resistance to 13 antimicrobial agents [24] . Most of the resistant isolates belonged to capsular groups 6 (28%), 14 (36%), 19 (13%), and 23 (13%).
The present study has allowed the comparison of the microbial flora (S. pneumoniae) found in children living in several distinct epidemiologic settings: healthy children residing in closed communities, healthy children admitted for elective surgery, and children with pneumococcal infections hospitalized in Iasi during a 2-year period.
In addition, the presence of an orphanage entirely populated by children infected with HIV offered the opportunity to study pneumococcal isolates colonizing this unique host group. The HIV orphanage is physically distant from the other 2 institutions and the hospital that provided our samples and is staffed by personnel confined to the HIV-infected children. In contrast to the healthy children from the community and the children with pneumococcal infections, most of whom were within the age group of a few months to 3 years, HIV-positive children from the orphanage were older, with an age span of 3-10 years (median, 7.3).
The most interesting conclusion emerging from the study is the close similarity between the pneumococcal flora of healthy children in closed communities and the isolates from sites of infection. In contrast, pneumococcal isolates recovered from healthy children admitted for elective surgery appear to represent a different and genetically diverse population of these bacteria, suggesting that these children represent a much wider sample of the pediatric population in Iasi.
The phenotypic and genotypic similarities between the pneumococcal isolates from healthy institutionalized children and isolates from sites of infections were documented by several observations. First, whereas the 4 most common pediatric serogroups (6, 14, 19, and 23) were present in all pneumococcal isolates irrespective of their epidemiologic source, their prevalence differed widely from one epidemiologic source to another: They were the majority of serotypes among children living in closed communities (86% of isolates) and children hospitalized for pneumococcal infection (67% of isolates). Among children admitted for elective surgery, they constituted fewer than half (47%).
Second, a striking similarity in antibiotic-susceptibility patterns between the isolates from children living in closed communities and isolates from sites of infection was apparent when antimicrobial resistance of the strains was compared. The overwhelming majority of pneumococci from institutionalized children (99%) and most strains recovered from children with pneumococcal infections (69%) were nonsusceptible to penicillin, with most of the strains having high penicillin MICs. Furthermore, the majority of penicillin-resistant strains were also multidrug-resistant, expressing resistance traits to у3 antimicrobial agents in 86% of the closed-community isolates and 63% of the isolates from children hospitalized with pneumococcal infection. Pneumococci colonizing healthy children in the community admitted for elective surgery were less frequently resistant to antimicrobial agents: Of the 36% of these strains showing reduced susceptibility to penicillin, only 13% had high penicillin MICs; and the prevalence of multidrug-resistant strains was low.
Third, a large fraction of the strains recovered from children with pneumococcal infections and from those living in an institution (24% and 25%, respectively) were represented by a single PFGE type, which was arbitrarily named ROM-1. These strains shared a common capsular type, 23F, and were highly resistant to penicillin and 3 other antimicrobial drugs (erythromycin, clindamycin, and trimethoprim-sulfamethoxazole). Strains belonging to this clone carried the ermB and tetM resistance genes. Unexpectedly, 96% of the strains were fully susceptible to tetracycline on the basis of NCCLS criteria. The mechanism of suppression of the tetracycline-resistant genotype in these bacteria is not understood at present. This clone was completely absent among the strains carried by the healthy children admitted for elective surgery ( ; ). The phenotypic features of the 2 major clones, ROM-1 and ROM-12, are similar to those of the 2 predominant groups of pneumococci found in Bucharest in 1993-1994 [24] . However, because PFGE patterns were not available in that publication, the genetic similarity between the strains could not be verified. No resemblance with the ROM-1 and ROM-12 clones described here was found when we compared them with other unique penicillin-resistant clones of pneumococci, such as the predominantly 19A clone identified in Hungary [25] (A.T., unpublished data), the serotype 14 and 19A clones in the Czech Republic and Slovakia [26] , the 2 internationally spread clones with serotypes 23F and 9 or 14 detected in many countries, including Croatia [27] and Bulgaria [28] , and the several other Bulgarian clones [28] .
Two other penicillin-resistant clones, which were arbitrarily named ROM-3 and ROM-7, were also represented among children living in closed communities and children with pneumo-coccal infections. Most of the isolates from children living in the open community showed a high degree of genetic variation, with 38 different PFGE types representing 54 organisms.
HIV-infected children confined to a single orphanage presented a completely unique epidemiology. S. pneumoniae isolates recovered from the nasopharynx of these children in 1996 resembled those colonizing healthy children living in closed communities in terms of antibiotic resistance, serotypes, and molecular types. However, in 1998, the nasopharyngeal flora of HIV-infected children underwent a complete change. Two unique clonal types and serotypes were present: clone ROM-17 of penicillin-susceptible serotype 9V isolates, which was not detected among pneumococci colonizing healthy children living in closed communities or among pneumococci recovered from children with pneumococcal infections, and clone ROM-16 of penicillin-susceptible serotype 15 isolates, which was rare both among children with pneumococcal infections and among healthy children admitted for elective surgery (1% and 0.5%, respectively) and was absent among healthy children living in closed communities.
Day care centers have been implicated as sites for augmentation and spread of drug-resistant S. pneumoniae in several recent studies [8, 9, 29, 30] . Our investigation confirms this observation. The risk of invasive S. pneumoniae infections is greatly increased for children living in closed communities compared with that among those cared for at home or in small, family-operated day care centers, at least during the first 2 years of life [31] [32] [33] . Healthy children admitted for elective surgery had lower carriage of pneumococci in general and of the clones associated with pneumococcal infections in particular. Although data are lacking regarding day care center attendance and other aspects of the lifestyle of these children, one can speculate that they represent a more diverse and wider sample of children living in the community, with a lower proportion of day care center attendees among them.
In conclusion, we found a striking phenotypic and genotypic similarity between the pneumococcal flora of healthy children living in closed communities and the pneumococci causing infections in hospitalized children, implying an epidemiologic "bridge" between these 2 populations. By using molecular typing methods, we found that the clones most frequently isolated from these 2 groups of children, ROM-1 and ROM-12, were unique and highly resistant to penicillin and other antimicrobial drugs. These clones, carrying serotypes 23F and 19A, did not resemble the multidrug-resistant international clones and had not been previously described in molecular surveillance studies.
